In order to study the model and system design of music dance resource management, a human nervous system-like fog computing architecture is proposed. Based on the Internet of Things, the music dance resource management system is analyzed, and the contribution model of fog computing resources and the allocation model of fog computing resources are established. The traditional NSGA-II (Quick Nondominated Sorting Genetic Algorithms-II) algorithm is improved, and the improved NSGA-II algorithm is obtained to solve the resource allocation problem. Music dance resource management system is designed, implemented and tested. Through simulation and verification, the improved NSGA-II algorithm has better performance in average service delay time and average stability of task execution under different tasks and different fog nodes. In functional testing, the overall situation of music dance resource management system is good, and the design requirements are basically met. In performance testing, the response time is short and the throughput is high. Therefore, the system has high performance, and can meet the large amount of concurrent data access, which makes the user have better experience.
I. INTRODUCTION
Fog computing is a distributed computing infrastructure for the Internet of Things, which can extend computing power and data analysis applications to the ''edge'' of the network. Users analyze and manage data locally and get instant opinions through links [1] . It is an extension of ''cloud computing''. It uses devices in edge networks, including traditional network devices such as routers, gateways and switches already deployed in networks, and local servers specially deployed [2] .
Internet of Things refers to the use of information sensors, radio frequency identification technology, global positioning system and other devices or technologies to collect realtime objects or processes that need monitoring, connection and interaction. Internet of Things technology can collect The associate editor coordinating the review of this manuscript and approving it for publication was Mu-Yen Chen . information such as sound, electricity, biology, location and so on. It can connect objects and objects as well as objects and people through network access, so as to realize, recognize and manage objects and processes intelligently [3] . Internet of Things devices require a high degree of resource intensiveness, so cloud computing is not feasible. Comparatively speaking, fog computing has the advantages of wide geographical distribution, wide range of movement and fast data transmission [4] . In addition, fog computing also has a good overall allocation function, and can better handle the data generated by Internet of Things devices, while reducing the amount of bandwidth, reducing round-trip communications [5] . Therefore, fog calculation is an ideal method for complex tasks and programs [6] .
With the development of economic and cultural globalization, mass media and pop music are also accelerating their development. At the same time, the development and transmission of traditional music have suffered a great blow.
Many excellent traditional music cultures are disappearing and changing [7] . The rapid development of Internet technology has also changed people's way of contacting music. At present, network music has become the most important way for people to contact music [8] . At the same time, the development of network music also promotes the sustainable development of traditional music, but the management defects of digital music resources also lead to the uneven quality of resources [9] . Therefore, in order to remedy the serious loss of traditional music resources, to further collect and collate traditional music works, and to adapt to the rapid development of Internet of Things technology, it is necessary to establish a music dance resource management system to protect and enrich traditional music and cultural resources. Many universities have established online music and dance database systems, which contain more than 100000 articles. The content of the articles includes detailed information of all musicians, dancers, music and dance forms from ancient times to the present, as well as rich resources such as digital audio, video examples and biographies [5] . In music and dance resource management, resource contribution is the key issue. Some scholars put forward a completely distributed self-organizing Cloud Architecture by integrating the resources of participants. Participants can contribute or consume resources [6] . In addition, the issue of resource allocation is also important. Many scholars take the task completion time as the main optimization goal in resource allocation, but they do not consider the stability of the system in task execution [7] - [9] . In general, the research on music and dance resource management system has been widely carried out and achieved remarkable results. However, relatively speaking, the domestic research work is still lagging behind, the resource management is not perfect, and there is still a lack of in-depth research in the integration, sharing and service of music and dance resources. The loss of a large number of traditional music and dance resources is worrying, but there is not a complete and standardized platform in China.
In order to meet the multi-level needs of the relevant professionals and music and dance lovers for the professional knowledge of music and dance, and make them more convenient to consult materials and spread knowledge, in this study, the combination of fog computing and Internet of things technology will be used to research and design the music resource management model and system, so as to improve the application service quality of resource management system, and provide a new theoretical basis for the realization of music resource management system in the future.
II. LITERATURE REVIEW
For the construction of digital music project and its research work, the first is the ''Digital Library Tackling Plan'' proposed in 2000 [10] . In recent years, with the emergence of music dance resource management problems, many scholars have also carried out research on music dance resource management [11] . Righi et al. believed that users can effectively and quickly retrieve and analyze the music resources they need through the unique semantic indexing technology [12] . Hu et al. proposed that digital music resources can be accurately digitized through technologies such as virtual reality and metadata, so that users can have a better experience [13] . Crowley et al. developed a web-based resource management system through JSP technology. The system has excellent flexibility, expansibility and reusability. However, when there is too much data in the database, the effect of displaying it on the same web page is not good, which not only has an impact on appearance, but also brings inconvenience to user operation [14] .
Malik et al. used development tools such as VC, VB and Delphi to develop and implement resource management system. However, this development mode has a large workload, a long period, limited functions and difficult maintenance and upgrading in the later period [15] . Garca-Carbonell et al. took CAD, GIS and other software as the platform, and used AutoLisp, VBA or GIS components for secondary development. Although it saves a lot of time and energy, its development mechanism is complex and requires a lot of research, data structure design, operation and testing. It is still not easy to develop, and it is also difficult to update and maintain [16] . Brouard et al. established a resource management system development platform through Wonderful's Visual Net graphical design and equipment line resource management platform software. It has powerful functions, no need to write any code, can design drawings and manage data information, greatly reduces work intensity, cycle and cost, and easily achieves the purpose of resource management [17] .
Industry giants like Microsoft and Amazon have released AzureIoTEdge and AWSGreenGas to improve machine intelligence on Internet of Things gateways and sensor nodes. These gateways and sensor nodes have good computing power and can make the work very simple [18] . Spinellis et al. proposed a three-tier architecture based on the Internet of Things. At the same time, they used mathematical descriptions of energy consumption and delay at all levels, and obtained an ideal evaluation index [19] . Roy et al. integrated cloud-based music and dance services and intelligent software into a device in the context of the Internet of Things to provide personalized music and dance services [20] .
The huge number generated by the Internet of Things can be processed by fog nodes, which can realize the analysis of mobile data. In Hadoop resource manager, tasks are selected by default through the first-in-first-out queue scheduling algorithm, which takes full account of fairness, but greatly reduces the utilization of resources and increases the completion time of tasks [21] . Du et al. proposed a resource allocation scheme (MTT) aiming at minimizing task completion time. The problem is solved by using reduction method and MINI SAT SOLVER tool with strong computing power. Under the condition that cloud computing resources are scarce or loose, the task completion time is optimized [22] .
So far, in the field of Internet of Things and fog computing, the research of music and dance resource management system has made good achievements, but how to effectively manage fog computing resources is still an important challenge in the field of fog computing. Therefore, it is of great theoretical significance and practical application value to establish a new architecture suitable for fog computing mode and further improve the service quality of music and dance resource management system.
III. DESIGN OF MUSIC DANCE RESOURCE MANAGEMENT MODEL AND SYSTEM A. RESEARCH ON FOG COMPUTING ARCHITECTURE OF HUMAN-LIKE NERVOUS SYSTEM 1) FOG COMPUTING ARCHITECTURE
The human nervous system is a dominant system in the body, which is divided into two parts: the central nervous system and the peripheral nervous system. Among them, the central nervous system includes the brain and spinal cord. The brain is located in the cranial cavity, which is the basis of advanced nerve activity. The spinal cord is located in the spinal canal and is the low-level processing center. The peripheral nervous system consists of 12 pairs of brain nerves connected to the brain and 31 pairs of spinal nerves connected to the spinal cord. Reflex arc refers to a specific nerve structure that performs reflex activity. Peripheral receptors are responsible for receiving information, which passes through the afferent nerve to the nerve center, and then through the efferent nerve to the peripheral effector. Typical patterns are usually composed of five parts: receptors, afferent nerves, nerve centers, efferent nerves and effectors.
By comparison, it can be found that the structural characteristics and reflective activities of the human nervous system are similar to those of the fog computing architecture. Its architecture is shown in Fig.1 .
2) REQUIREMENT ANALYSIS OF MUSIC DANCE RESOURCE MANAGEMENT SYSTEM IN INTERNET OF THINGS
The music dance resource management system is designed with the Internet of Things technology under the fog computing framework. Its function is mainly to manage multimedia resources. As shown in Fig. 2 , it includes the classification catalogue management, retrieval, statistics, reading, management and system settings of music resources. The classification of music resource banks is shown in table 1. The core functions of cloud service providers include resource reserve, resource mobilization, incentive decisionmaking and resource estimation. The core functions of fog cluster managers include resource discovery, resource mobilization, capability evaluation, resource allocation, reward distribution, network management, task interface and task monitoring. Music dance resource management process includes two stages: resource mobilization and task execution.
Cloud service providers first send relevant request information to fog cluster managers to raise fog resources, and fog cluster managers publish relevant information in fog cluster. The fog node initiates relevant requests for resources contribution to the fog cluster manager, which is audited by the fog cluster manager to determine whether the fog node joins the fog cluster or not. After the completion of resource mobilization, cloud service providers pay resource costs according to specific circumstances, and fog cluster managers distribute the costs to each fog node. Users send resource-related requests to fog cluster managers, while fog cluster managers allocate resources to fog nodes. Fog nodes complete fog computing tasks and send the results to users. Users evaluate the implementation results, and fog cluster managers send users' evaluation to cloud service providers as a basis for incentive strategies.
3) KEY ISSUES OF RESOURCE MANAGEMENT
There are three key problems in resource management. From the point of view of cloud service providers, in order to make fog nodes contribute resources with high quality, the key is to formulate appropriate incentive strategies. From the point of view of fog nodes, in order to strive for their best interests, it is necessary to control the amount of resources contributed. Starting from users, in order to improve the stability of task execution and reduce the service delay rate, it is necessary to focus on resource allocation.
B. RESEARCH ON RESOURCE CONTRIBUTION MODEL OF FOG COMPUTING
The contribution model of fog computing resources is established by differential game. The resource reserve of fog cluster is set as (1) type.
Among them, t is the time factor, θ is the fluctuation factor, ψ i is the effective factor, and r i (t) is the contribution of resources.
The optimization model of fog node resource contribution is (2) .
Among them, λ is the discount rate, χ is the attenuation value of the unit resources, and ε i is the energy consumption expenditure of the unit resources.
The contribution model of fog computing resources is solved in infinite time domain (t ∈ [0,∞)). In noncooperative differential game, fog nodes will not consider other fog nodes in order to maximize individual benefits. The optimal value of its resource contribution is (3) .
P is the unit price of resources.
In the differential game of large alliance, in order to maximize the overall revenue, the optimal value of its resource contribution is (4) .
In differential game of intermediate alliance, if there are k fog nodes, in order to maximize the overall revenue, the optimal value of resource contribution is (5) .
The contribution model of fog computing resources is solved in finite time domain (t ∈ [t 0 , T )). In non-cooperative differential game, the fog node will not consider other fog nodes to maximize the pursuit of individual income, and the optimal value of its resource contribution is (6) .
In the formula, α = i=1 α i .
In the differential game of large alliance, in order to maximize the overall revenue, the optimal value of its resource contribution is (7) .
In the differential game of intermediate alliance, if there are k fog nodes, in order to maximize the overall revenue, the optimal value of resource contribution is (8) .
In the formula, α K = i∈K α i .
C. RESEARCH ON RESOURCE ALLOCATION MODEL AND ALGORITHMS FOR FOG COMPUTING
When allocating resources, the time consumed by fog nodes to complete tasks should be fully considered. The service delay time is determined by the time consumed by the last fog node to complete the task. The reputation of fog nodes varies greatly among different individuals. The fog nodes performing tasks in fog cluster may leave the fog cluster at any time or fail to provide sufficient resources. In order to fully consider the stability of fog nodes in task execution, in this study, the reliability of fog nodes is used to quantify the stability of task execution. Statistical credibility is obtained by statistical analysis of the history of fog nodes. The more the number of satisfaction evaluation is, the more accurate the evaluation of statistical credibility is. Among all fog nodes, the fog node with the lowest stability determines the stability of task execution. In order to reduce service delay and instability during task execution, an optimization model of resource allocation is established, such as (9) .
Among them, max sta ove is the stability of task execution, t H is the service delay time, t req j is the time of T j task completion.
Traditional Quick Non-dominated Sorting Genetic Algorithms-II (NSGA-II) with elite strategy is not ideal for resource allocation. In this study, NSGA-II is improved and improved NSGA-II algorithm is obtained. Firstly, the resource model and task model are established, and the related parameters are set up to initialize the population. Furthermore, the decision of whether to continue the algorithm is based on the judgment conditions. If the algorithm continues, the selection, crossover and mutation operations are needed to generate the next generation, and to merge the offspring and the parents for fast non-dominated sorting. According to the calculated crowding distance, excellent individuals are obtained to form a new population. If the algorithm does not continue, the resource allocation scheme can be obtained directly.
By normalizing the fitness of individuals on sub-targets, an improved formula for calculating crowding distance is obtained, such as (10) .
Among them, f represents the normalization of service delay time and g represents the normalization of stability.
D. DESIGN OF MUSIC DANCE RESOURCE MANAGEMENT SYSTEM
Through requirement analysis, the architecture of music dance resource management system is designed by using JAVA language and Swing technology. User interface is designed with MVC (Model View Controller) design pattern.
The service layer of music dance resource management system includes two subsystems: portal subsystem and background management subsystem. The basic resource layer is public data element standard and music resource database. Among them, the portal subsystem includes registration, account management, global search of resources, advanced search of resources, single-category query of resources and detailed information browsing. The background management subsystem includes resource classification management, log management, advanced retrieval configuration, user management, resource entry management and similar thesaurus configuration function.
In the database design, in order to make the operation more convenient, the server uses SQL2000. Different users need different content of music resources. In order to ensure the security of the database, the design of its access rights is particularly important. The main entities of the database module are users, catalogues and resource information. Its entityconnection diagram is shown in Fig. 3 
E. SIMULATION AND VERIFICATION
The performance evaluation of three resource allocation schemes based on improved NSGA-II algorithm, classic algorithm of multi-objective optimization SPEA-2 (Strength Pareto Evolutionary Algorithm 2), resource allocation scheme (MTT) with the objective of minimizing task completion time, and a randomly selected resource allocation scheme (Random) is carried out. The average service latency of task execution is shown in Fig. 4 under different tasks. Compared with SPEA-2, MTT and Random, the average delay time of improved NSGA-II algorithm is lower when the number of tasks is small, and the difference is more obvious when the amount of tasks is large. Under different tasks, the average stability of task execution is shown in Fig. 5 . Compared with SPEA-2, MTT and Random, the average stability of the improved NSGA-II algorithm is better and decreases with the increase of task load.
Under different fog nodes, the average service delay time of task execution is shown in Fig. 6 . Compared with SPEA-2, MTT and Random, the average service delay time of the improved NSGA-II algorithm is lower and decreases with the increase of fog nodes. The average stability of task execution is shown in Fig. 7 . Compared with SPEA-2, MTT and Random, the average stability of the improved NSGA-II algorithm is better and increases with the increase of fog nodes. The effect of population size on the convergence of the improved NSGA-II algorithm is analyzed, as shown in table 3. In the improved NSGA-II algorithm, the population size has a great influence on the performance of the optimal solution set. Therefore, in order to obtain the optimal solution set, the appropriate population size should be selected.
IV. IMPLEMENTATION AND TEST OF MUSIC DANCE RESOURCE MANAGEMENT SYSTEM
By comparing the centralized large data processing represented by cloud computing model with the edge large data processing represented by fog (edge) calculation, the advantages of fog computing can be seen [23] . Centralized ''cloud computing'' allows people to share expensive server resources efficiently and cheaply, reducing the burden of enterprise users [24] . However, for applications that need to occur locally and be processed in real time, cloud latency will become a major obstacle [25] . Cloud computing alone is not enough for Internet of Things systems. With fog computing in place, computing power is pushed to an extreme logical end, so that device self-determination maintains a certain level of intelligence [26] . Because only rich and concise data is sent to the server, the storage and computing load on the centralized server can be reduced to a very small amount, the result can be achieved faster, and the communication speed is also fast [27] .
The architecture of music dance resource management system is realized by fog computing and Internet of Things technology, as shown in Fig. 8 . The framework of the system is divided into presentation layer, business logic layer, data persistence layer and data layer.
Music and dance resource management system is a resource integration platform established to meet the needs of video and audio fields. In this study, advanced algorithms are used to automatically analyze the domain and content of resources through the Internet of Things and fog computing technology, which greatly improves the efficiency of work. At the same time, media formats such as electronic documents of music and dance resources, pictures of music and dance resources, compressed files of music and dance resources and engineering documents of music and dance resources are deeply managed.
Music dance resource management system is tested in function, as shown in table 4. Its overall situation is good, the design needs are basically met, and it has a good user experience.
The performance test of the portal subsystem, as shown in table 5, has short response time and high throughput. Therefore, the system has high performance, and can meet the large amount of concurrent data access. User experience is better.
V. DESIGN AND SUMMARY OF MUSIC DANCE RESOURCE MANAGEMENT SYSTEM
Fog platform is composed of a large number of fog nodes, which can be scattered in different geographical locations, in sharp contrast to the data center with centralized resources. With the development of the concept of fog calculation, fog is further extended to the ''ground''. Fog nodes are no longer confined to the network edge layer, but also include terminal devices with abundant resources. Terminal devices interact with users directly, and the number is huge. While enriching the types of foggy devices, it also brings more dynamic attributes. Fog computing is a distributed collaborative architecture that can manage specific applications or services between actual data sources and the cloud in the most efficient location. This type of computing is effectively expanding cloud computing functions and services to the margin of the network, bringing its advantages and functions to the fullest extent where data can be executed and manipulated.
With the improvement of technical standards and breakthroughs in key technologies in the Internet of Things industry, the era of data explosion will be closer and closer, and the requirements for computing will be higher and higher. Fog computing uses local processing units or computers rather than sending data all the way to the cloud and waiting for the server to process and respond. It can process the computational requirements hierarchically and regionally to resolve the possible congestion phenomenon on the Internet. Therefore, the application of fog computing is closely related to the Internet of Things. Through fog computing, the Internet of Things can become more powerful. In the Internet of Things, most of the devices that people use in daily life will be connected to each other. The most specific concept is to shorten the processing time of data. Fog computing has the functions of computing, monitoring and collecting data. It can help backstage computing operate more efficiently, and then transmit the data to the data center for a large amount of data analysis and calculation.
In order to develop and inherit Chinese traditional music, rescue and protect the lost excellent music works, starting from the application scenario of the Internet of Things, and combining the needs of music dance resource management system, based on fog computing and Internet of Things technology, through the theory of human nervous system-like, differential game and improved NSGA-II algorithm, music dance resource management model was established and optimized to further reduce service delay and improve stability, and get the optimal solution of resource allocation. The model takes service delay minimization and task execution stability maximization as the optimization objectives of resource allocation, and gets the optimal solution of resource allocation in fog computing environment through NSGA-II algorithm. Compared with the existing fog computing resource allocation schemes, the proposed resource allocation scheme has lower service delay and better task execution stability. Through requirement analysis, a music dance resource management system with good expansibility and versatility is designed. It is implemented and tested, which achieves ideal results in function and performance of the system.
VI. CONCLUSION
In this study, the music dance resource management model and system design are studied, and the human nervous system-like fog computing architecture is proposed. Based on the Internet of Things, music dance resource management system is analyzed. Fog computing resource contribution model and fog computing resource allocation model have been established, and the traditional NSGA-II algorithm has been improved. The improved NSGA-II algorithm is used to solve the resource allocation problem. Music dance resource management system is designed and tested. Through simulation and verification, it can be concluded that the improved NSGA-II algorithm has better performance in average service delay time and average stability of task execution under different tasks and different fog nodes. In functional testing, the overall situation of music dance resource management system is good, and the design requirements are basically met. In performance testing, the response time is short and the throughput is high. Therefore, the system has high performance and can satisfy large amount of concurrent data access. User experience is better. Although this study has achieved good results, there are still some limitations. The algorithms and models proposed in this study are mainly for the basic research of simulation analysis and hypothesis. They have not yet been verified by the actual system. In the later study, they will be verified by the actual system and applied to the actual fog computing environment.
